Triphalangeal thumb (TPT) is a rare congenital disorder characterised by a long, finger-like thumb with three phalanges instead of two. It can occur as an isolated defect, in association with other abnormalities of the hands and feet, or as a part of a syndrome. Sporadic cases have been described, but it is usually inherited as an autosomal dominant trait.
Abstract
Triphalangeal thumb (TPT) is a rare congenital disorder characterised by a long, finger-like thumb with three phalanges instead of two. It can occur as an isolated defect, in association with other abnormalities of the hands and feet, or as a part of a syndrome. Sporadic cases have been described, but it is usually inherited as an autosomal dominant trait.
In order to examine skeletal morphology in different phenotypic variations of this disorder, we performed metacarpophalangeal pattern profile analysis in one kindred with this disorder. A characteristic profile occurred in all affected people, based on the individual lengthening or shortening of the thumb bones.
Comparison of the affected and unaffected people from this family with people with a different genetic background suggests that the described profile is specific for TPT and could be used as a helpful diagnostic tool in syndromes which include TPT. Triphalangeal thumb (TPT) is a developmental disorder characterised by a long, sometimes finger-like thumb, with three phalanges instead of two. TPT is rare, and is usually inherited as an autosomal dominant trait, although sporadic cases have been described. ' The underlying genetic defect is probably situated in one of the regulator genes involved in the differentiation of the developing limb. The gene for TPT has recently been localised on chromosome 7q36 by means of linkage analysis in two large Dutch family pedigrees in which TPT was inherited as an autosomal dominant disorder with almost complete penetrance and variable expression.2 Further clinical, molecular genetic, and genealogical study of the original two families showed that they are connected to each other and are both part of a single large kindred. As part of the project examining the aetiology and different phenotypic variations of this disorder, we performed metacarpophalangeal pattern profile analysis in one of the two kindreds in which linkage analysis was performed.
The metacarpophalangeal pattern (MCPP) profile analysis is a method of measuring the length of each of the 19 tubular bones of the hand on radiographs, and comparing this length with a standard ofthe normal population according to age and sex. This method is used to detect absolute as well as proportional alterations in the length of the hand bones in various birth defects and the pattern profile appears to be specific for several congenital malformation syndromes.3 The osseous configuration of the hands in TPT patients was In this study we have applied a new method of normalisation of the bone length measurments resulting in the so called P scores. These P scores are independent of the absolute scale factor, and therefore the P score describes the shape of a length profile. This method of normalisation has been described elsewhere.7 One profile was represented by the score Pi, i = 1, ...,19, 1 to 19 being the 19 measurements in one hand. Such a vector may be regarded as a point in a 19 dimensional space, each dimension representing one of the hand bones.
Ifit is true that a set of Pi scores is representative of a syndrome, then points representing measurements of patients with the same syndrome will cluster together in this 19 dimensional space. Points corresponding to measurements of patients with different syndromes will lie far apart.
Even though it is difficult to imagine point distributions in spaces with dimensions higher than three, procedures exist to map a set of points in a high dimensional space onto a plane, such that the interpoint distances are preserved as nearly as possible.8 Procedure NLMAP in ISPAHAN is such a procedure.9 This procedure was used to map the "normal" and "pathological" configurations onto a two dimensional plot. The "normal" class consisted of the unaffected TPT family members (n = 12) and the randomly selected subjects from the general population (n = 44). The "pathological" class consisted of the affected family members (n = 13), one sporadic TPT patient, and one radiographic image of a TPT patient taken from a book.6
Results
The relative lengths of the 19 bones and the profile of the Q plot in the unaffected persons did not differ from the randomly selected people from the general population (fig 2) . The Q plots from the affected subjects were divided into three different subgroups according to the severity of the phenotype. The severity of the osseous pathology corresponded with the degree of functional impairment. The most severe phenotype was observed in the group of patients with the so called "non-opposable" TPT ( fig 3) . These patients have a rectangular extra phalanx in the thumb which resembles an index finger ("five fingered hand") and have absent or hypoplastic sesamoid bones, which corresponds with hypoplastic thenar muscles. None of these patients was capable of making a "pinch grip" because they had no normal opposition function. In children with non-opposable TPT, extensive thumb surgery is required at an early age to develop (reasonably) normal hand function.
The mildest phenotype was observed in the group of patients with "opposable TPT" (fig  4) . On the x ray the thumb shows a normal configuration with a delta shaped extra phalanx in the interphalangeal joint. The sesamoid bones ofthe thumb (anchor places of the thenar muscles) were normally developed as were the thenar muscles. These patients have almost normal hand function. One patient from this family showed no clinical or classical radiographical signs of TPT, except for unilateral rudimentary postaxial polydactyly. However, this patient was an obligate gene carrier in the pedigree and the only case of reduced penetrance, as confirmed by DNA analysis.24
Finally, the MCPP plots of the patients whose thumbs showed both characteristics of the thumb and the index finger on x ray examination were classified as "intermediate form of TPT" and are shown in fig 5. On analysis of the Q plots it appears that all affected persons have a systematic lengthening of the first metacarpal and first proximal phalanx, and a systematic shortening of the distal phalanx of the thumb. The profile of the plots was very consistent in the different phenotypic variations of this disorder and only the relative level ofthe "peaks" in the thumb measurements correlated with the severity of the disorder.
One sporadic TPT patient and one reproduction of an x ray of TPT from a book6
were included in the analysis and both showed the above described profile (figs 6 and 7) . This profile appears to be characteristic of TPT in general and not only for this family.
After the normalisation of the Q scores was carried out as described above, the P scores7
were used for the non-linear mapping procedure. The "pathological" profiles of the affected subjects grouped in the upper right quadrant of fig 8, whereas the cluster of "normal" subjects remained in the left lower quad- In MCPP profile analysis, the configuration of the hand can be studied. Normally, the profile remains more or less the same 
